Cassava is the popular name of the tuberous plant Manihot esculenta. The tubers can be processed into products ranging from gari, akpu (fufu) or chikwangue, lafun (cassava flour), cassava cakes, and tapioca to alcoholic drinks (brukutu or cassava beer). The various types of cassava meals provide about 65% of total calorie intake of the poor of Nigeria and indeed of sub-Saharan Africa. Gari can be consumed in various forms, including flakes or made into a dough-like paste called eba and consumed with soup or sauce. Micronutrient deficiencies are common in areas where cassava is the main staple. Although supplementation is useful, it is not the solution to the elimination of micronutrient deficiency disorders in Africa because of numerous shortcomings, such as cost, transportation difficulties, and poor compliance. The simplest and most sustainable approach is fortification of staple foods with limiting micronutrients. Our pilot studies indicate that gari and lafun can be easily fortified with vitamin A and with B vitamins, as well as the minerals, iron, iodine, zinc, and calcium. It is our goal to develop feasible means of fortifying cassava for the benefit of the poor population of Nigeria and as an example for other cassava-consuming regions.
Introduction
Roots and tubers contribute more than 10% of the world's food needs, and more than one-half billion people worldwide depend on these cheap and vital sources of energy [1] [2] [3] . A perennial shrub of the family Euphorbiaceae is an important plant species commonly known as cassava (Manihot esculenta) [4] . Though produced mostly in developing countries, cassava is ubiquitous as a worldwide tropical staple, because it will grow in the harsh climatic conditions common to many poverty-stricken areas. It is therefore not surprising that hundreds of millions of Africans subsist on cassava products as their major staple food [5, 6] .
Of the 120 million tons of cassava produced worldwide in 1980, more than 80% was consumed in Africa. Economic problems, political unrest, reduced soil fertility, drought, and the population explosion all have increased the need for cassava as a cheap, common, versatile crop that is resistant to adverse environmental factors, such as poor soil fertility, drought [7] , and disease.
Cassava is versatile because it can be processed into a variety of food products, depending on need, economic factors, local custom and belief, and political situations. Moreover, it is a cheap and readily available energy resource year round. The population explosion, especially in Africa, has increased the demand for cassava products, because it is the most available dietary energy source. The leaves are also a good source of β-carotene [8] .
The major countries producing large quantities of roots and tuber crops include Cameroon, Côte d'Ivoire, Ghana, Mozambique, Nigeria, Tanzania, Uganda, and Zaire. Nigeria, with a population of more than 120 million, is the most populous country in Africa and is the largest major producer of cassava and its products in Africa [9] . In 1998 alone, 16 million Nigerians, mostly children and mothers, suffered from vitamin A deficiency [10] .
Cassava, the major staple among most Nigerians, has a low protein content [11] , and subsisting on cassava alone could cause protein-energy malnutrition. Apart from the leaf, other parts of the plant have very little nutritional value other than supplying energy [12] . Although cassava leaves also contain cyanide, this should be no drawback to their consumption if they are cooked because it disappears during cooking and discharge of the cooking water [8] . However, the tedious and long processing required results in further losses of micronutrients. The cyanide content of most varieties of cassava poses a problem for its utilization [13] [14] [15] . There are number of ways in
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The author is affiliated with the Department of Optometry, University of Benin in Benin City, Benin. which the cyanide can be reduced to acceptable levels [16] . The postharvest vascular discoloration and tissue disintegration that virtually destroy cassava tubers within 24 hours of harvesting complicate its use. Moreover, prolonged consumption of cassava and its products without proper prior processing can result in the neurological disorder of tropical ataxic neuropathy [13, 17] as well as goiter and cretinism [18] .
Varieties of cassava products
There are various forms of cassava products that can be produced at home or industrially [3] . In Nigeria, the major varieties of cassava used are gari [19, 20] , akpu or santana [21] , which is another version of chikwangue, and cassava flour or lafun [22] . Cassava can be made into tapioca under several local or ethnic names. Cassava can also be used as a major component of composite flour for baking purposes [23] . It is also used to make an alcoholic beverage, brukutu or cassava beer.
Processing and utilization as a prerequisite for cassava fortifi cation
Because cassava tubers deteriorate within 24 hours of harvest, preparations for processing must be made before harvesting. There are numerous types of cassava products and processing methods, which are influenced by culture, custom, and environment. Most varieties of cassava cannot be consumed raw because of their high cyanide content. Fortunately, processing can reduce the cyanide content to acceptable levels.
The major reasons for processing include reduction of moisture content, reduction of cyanide content, generation of raw materials, and enhancement of taste and palatability [24] . After harvesting and peeling, the sequence of processing cassava in Nigeria is steeping in water plus fermentation (fufu); grating, pressing out water, fermentation, and frying (gari); or drying and milling (lafun or cassava flour).
Methods
There are numerous processing techniques ( fig. 1.) Processing is usually done on a small scale by individual families. But with increased demand, mediumand large-scale processing is becoming more common and presents improved opportunities for fortification. Our pilot studies show that gari is the most practical product for fortification. Not only is it the most consumed, but it is cheap, easy to prepare, and is palatable in taste and appearance. It is also the most suitable for mechanical processing in an industrial setup. Moreover, it is consumed regularly by both urban and rural populations. The fortificant mix can be added economically and thoroughly mixed during processing. Because the addition of retinyl palmitate results in a very faint yellow color to the previously white cassava flour (fufu, amala, etc.), nutritional education will be required to encourage acceptance of the fortified product.
Sequence of pilot fortifi cation
1. Cassava (gari) samples were collected from 100 processing locations nationwide. 
FIG. 1. Techniques of cassava processing

Results
Nutritional value and losses in appearance and texture were assessed on day 1 and at 1, 2, 4, 12, and 24 weeks. Under ambient storage conditions, there was an 80% retention of most of the micronutrients. There were no significant changes in appearance, stability, and other features, such as acceptability.
Discussion
Akinrele [25] , who initiated fortification studies on cassava, stated that the nutritional value of cassava could be improved by enrichment with proteins, vitamins, and minerals. But this concept of fortification used an enhancement process with groundnut flour, soybean flour, and sesame flour. The recipe contained 70 parts of full-fat soy flour, 20 parts whole-fat sesame flour, 5 parts full-fat groundnut flour, and 5 parts dried yeast powder, which produced a biological value of 78. The recipe is quite elaborate and has limitations. This concept was not further pursued. Monosodium glutamate (MSG) was industrially fortified with vitamin A and other micronutrients but was vehemently rejected by rural and urban women, the major hindrance being inadequate publicity.
Some decades ago the Federal Government of Nigeria promulgated laws on wheat and maize fortification, but nothing has been done. With increasing poverty, there is also a commensurate increase in vitamin A deficiency [26] , which is further heightened by sociopolitical and environmental factors.
Conclusions
Cassava products, especially gari, have become major sources of energy for the people of sub-Saharan Africa. Among the major staples of the world, cassava has one of the lowest levels of nutritional value, but due to circumstances beyond our control, it has become a necessity for the people in this geographical location. Gari, for example is common, regular, very cheap, bioavailable, and stable in color, taste, and texture. It is also fast to prepare, available year-round, and has great potential for fortification.
Sub-Saharan Africa faces serious economic and agricultural problems. The 1980s ushered in severe food emergencies. Africa's food problems are not a set of anomalies but are the very logical consequence of a series of structural, economic, and agricultural problems [27] . We therefore need to start somewhere to tackle these problems. The easiest, most sustainable, and cheapest means is by food fortification.
